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A. 


DICE  Concurrent  Engineering  Environment  Overhead 
Presentation 
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DICE  CONCURRENT 
ENGINEERING  ENVIRONMENT 


OBJECTIVES 


SOFTWARE  APPLICATIONS 


DEMONSTRATION 


IMPLEMENTATION 
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Bl.  The  Standard  Data  Access  Interface 
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RPI 
PT 


Th9  standard  Data  Access  Interface 
(SOAI) 

Presentation  by  Martin  Hardwick 
of  work  performed  by  WG7  of  ISO/STEP 

Contributions  by 


Jim  Fowler.  MST 
Jan  Wn  Hannan,  Rutherford 
Warner  Da  Bruijn,  TNO 
Dave  Prioa,  IBM 

Martin  Hardwick,  RPI/STEP  Tools 
Chla4lul  Shih.  SDRC 
Ernst  Schlactendahl,  RPK 
Dave  Nixon,  DEC 
Randy  Watlar,  Auto-trol 


Roger  Burkhart,  Daara 
Frank  Damasak,  EOS 
David  Brigga,  Boeing 
Stave  Clark,  NIST 
John  Halbert,  PAFEC 
Rob  Howard,  Brhiah  Aaroapa 

others 


The  SDAI 


RayJUfon 

RPI 

STEPToete 


■>Pi  IRB  ivisna 


Requirements 


Ra^c 


•  Let  applications  access  databases  of  STEP  data. 

-  CAD  style  concurrency. 

•  EXPRESS  driven  (applies  to  all  STEP  models) 

-  Early  and  late  binding 

-  Database  s  (data  dictionary  *  data  instances) 

-  Define  path  to  STEP  data  that  works  for  any 
database 

relational,  file,  00  and  CAD  system  specific 


Concepts 


Sion 


SOAlRspository  SDAIReposItory  SDAlRepository 
(Object  Database)  (UNIX  Directory)  (CAD  System) 


1  1  1 
SDAIModel 
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SDAIModel 
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SDAIModel 

(Object  Set) 

(Part  21  nie) 
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Folder 
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Concluding  Remarks 
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•  The  SDAI  is  an  API  for  EXPRESS. 

•  The  SDAI  lets  applications  execute  against 
multiple  CAD  databases. 

•  The  Commitee  Draft  ballot  version  of  the  SDAI  was 
delivered  to  ISO  STEP  In  September  1993. 


iPPi  IRB  lonsm 
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Using  PDES/STEP  to  Implement 
CONCURRENT  ENGINEERING 
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Overview 
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« Using  STEP  to  Implement  concurrent  engineering 


Extensions  to  the  standard 


Concurrent  Englnearing 


Aero 

Design 
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Logistics 

Design 


Process 

Design 


? 

Mechanical 

Design 


"Reduce  design  time  by  improving  communication" 

Computer  Tools 

Management 

111111  J  lll|i|IM 

•  Reward  structure 

•  Designer's  note  book 

•  C3I  Tools 

•  Organization 

•  Meetings 

Concurrent  Engineering  1  RPI  &  SHTIEP  Tools,  Inc. 


Department 

Database 
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Database 


AP220 

Product 
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Relational 
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nie 
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Obfect  I 
Database 
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Design 


Delta  RIes 
A 
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RPIAOTEP  Tools.  Inc. 
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Serial  Engineering 


CE  Requirements 

1.  Electronic  Commerce 

2.  Delta  files 


Concurrent  Engineering 


MB 


Coneurmncv  Ualna  Delta  Rtes 
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SECS/CE _ RPI  &  gmSP  Tools.  Inc. 

"STEP  Entity  Control  System  for  Concurrent  Engineering" 


PUndtd  by  ttM  OARPA  biltlitiw  in  Coneumnt  EngfeiMring  (DICE) 


M0 


Demonstration 
Part  Design 


ACIS 
on  a  SUN 


RPI  A  STEP  Tools.  Inc. 


nxture  Design 


CAT1A 
on  a  RS/600 
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Part  Design  Highlighted  Changes 


ACIS 
on  a  SUN 


CATIA 
on  a  RS/600 
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•  Using  STEP  to  implemsnt  eoneurrsnt  engineering 
I  *  Extensions  to  the  etendard 


MS 


Delta  file  standards _ RPI  &  gHTEP  Teels.  Inc. 


1.  An  Identity  standard 


So  that  we  know  when  two  entity  instances  describe 
different  versions  of  the  same  thing. 


2.  A  file  format  that  understands  the  identity  standard 


So  that  we  can  exchange  data  without  loosing 
Identity. 


3.  A  delta  file  Application  Protocol  | 

So  that  ail  applications  can  process  engineering 
changes. 

4.  New  SDAI  Operations] 


So  that  delta  files  can  be  computed  and  applied. 


aiwa 


Naw  SDAI  Operations 


RPI  &  gnSIP  Tools.  Inc. 


•  DIff  function  to  compute  tho  difftrenco  botwoen 
tvvo  SDAI  models. 

•  Sed  function  to  apply  a  diff  to  an  SDAI  model 


and  optionally 

•  Conflict  function  to  analyze  the  quality  of  a  diff 
¥vlth  respect  to  an  SDAI  model 


Diff _ RPI  &  gUTElP  Tools.  Inc. 

•  Produces  a  change  record  for  each  difference 
between  two  files. 

Edit  attribute  value  of  instance 
Delete  Instance 
Create  instance 
Add  type  to  instance 
Delete  type  from  instance 

<Edlt,  OID,  attrlbute_name,  new_yalue> 

<Delete,  OID>  ~ 

<Create,  OID> 

<Add  type,  OID,  type> 

<Delete  ty^,  OiD> 

•  Format  of  tho  change  record  may  need  to  be  agreed 
with  a  future  "change  control"  AP. 


S«d 


RPI  &  gUTSlP  Tools.  Inc. 


•  Sod  appllos  a  fllo  of  changa  racorda  to  an  SDAImodal 

•  If  a  racord  doaa  not  maka  aanaa  for  a  modal 

(for  axampla  tha  Inatanca  to  ba  adit  haa  boon  dalatod) 
than  Sad  Ignoraa  thia  racord  and  movaa  on. 


Conflict 


RPI  &  STTEP  Toola.  Inc. 


•  Analyzoa  tha  quality  of  a  dolta  flla  with  reapact 
to  an  SDAI  model 

or  with  raapact  to  an  SDAI  modal  and  another  delta 
file 

•  Can  produce 

Uat  of  racorda  that  will  not  do  anything 

Uat  of  racorda  that  change  tha  aame  entity  Inatanca 


User  Interface  Issues 


RPI  &  ginSP  Tools.  Inc. 


•  Identifying  and  resolving  conflicts  requires  user 
intervention 

•  This  means  the  conflicts  must  be  presented  to 
the  user  In  a  form  that  he  or  she  can  understand 

•  For  example,  an  edit  to  the  center  of  a  circle  must 
be  presented  to  the  user  as  a  change  to  the  circle 
not  a  change  to  the  point. 

•  In  other  words  changes  to  the  AIM  entities  must 

be  presented  to  the  user  as  change  to  ARM  entities 


Conclusion 


RPi  A  glTEP  Tools.  Inc. 


•  STEP  is  a  key  technology  for  concurrent  engineering 
.  Support  for  delta  files  should  be  added  to  STEP 

•  This  requires 

a  standard  for  identity 

an  AP  for  change  control 

SDAI  support  for  computing  and  applying  diffs 

support  for  Views  so  that  conflicts  are  meaningful 
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Tools,  Inc 


Implementing 
AP  lnter>Operability 
using 

STEP-VIEWS 

Dr.  Martin  Hardwick 
RPI  &  STEP  Tools,  Inc. 
hardwlck@steptools.com 


Partltny  Kifidid  toy  OARPA  MliiliM  In  ConouffM  InglfiMrlng  (CNCC) 

mtvttm 


Ovgfvlew _ SHTEP  Tools,  Inc 

•  Applications  of  STEP-VIEWS 

•  EXPRESS-V  A  View  Definition  Language 
(input  to  Version  2  of  EXPRESS) 

•  SDAI-V  A  View  Definition  Architecture 
(input  to  Version  2  of  the  SDAI) 

STEP-VIEWS  s  EXPRESS-V  *  SDAI-V 


MS 


I 


Why  STEP-VIEWS 


STEP  Tools,  Inc 


STEP-VIEWS  contribute  towards 

•  AP  inter-operablllty 

•  Making  STEP  more  affordable 

•  Making  STEP  easier  to  understand 


AP  Interoperability _ glTEP  Tools,  Inc 

Suppitor  Syttoms 


EXPRESS 
DafInKon 
for  data 
In  aystam 


IMI1 


ewa 


Making  STEP  affordable 


Tools,  Inc 


cnnsp 


Making  STEP  easier  to  understand  SriTEP  Toois,  Inc 


Easy  to  understand 
definitions 


Complex,  internal 
definitions 


Dtsirable  Features 


SnnSF  Tools,  Inc 


•  Do  not  loose  accuracy  or  completeness  of  STEP 

•  Make  It  possible  for  a  tool  vendor  to  Implement  one 
Interface  to  multiple  AP's 

•  Make  It  possible  for  AIM  entitles  to  be  mapped  Into 
ARM  entitles. 

•  Allow  a  common  model  to  be  computed  from  many 
AP  models 


Goals 


STEP  Tools,  Inc 


•  To  meet  the  requirements  given  the  STEP-VIEWS 
must  be  able  to 

-  select  the  entitles  to  appear  In  a  view 

-  simplify  the  definition  of  those  entitles  when  desirable 


EXPRESS-V  Example 


STEP  Tools,  Inc 


(*  cube  defined  In  the  normal  way  using  EXPRESS  *) 

ENTITY  cube; 
x:  REAL; 
y:  REAL; 
z:  REAL; 
size :  REAL; 

END_ENTITY; 

(*  Cube  defined  to  be  an  view  entity  for  block  using  SVDL  *) 
VIEW  block  AS  cube 

WHEN  block.x  s  bloclcy  AND  bloclcy  s  block.z; 

X  :s  block.posltlon.locatlon.coordlnates[1];  (*  local  origin  *) 
y  :s  block.posltion.locatlon.coordinates[2]; 
z  :s  block.posltlon.locatlon.coordlnates[3]; 
size  :s  blodcx; 

END  VIEW; 


Cube  Is  simple,  block 
Is  complicated  ■  see  Part  42 


Illustration 


snnsp  Tools,  Inc 


SDAi 

Database 


SDAI 

Database 


Basic  Features 


8nnSP  Tools,  Inc 


VIEW  <base  entlty>  AS  <vlew  entlty> 
WHEN  <condltlon_on_baso_entlty>: 
<attrlbute>  ts  <expresslon>;  * 

(*  other  features  not  yet  described  *) 
ENO_VIEW: 


Some  Refinements  STiTEiF  Tools,  Inc 

VIEW  <entlty_a>  AND  <entlty_b>  AS  <vlew_entlty> 

the  view  entity  Is  contructed  from  two  base  entitles 
(similar  to  Joins  In  relational  databases) 

VIEW  <entltyjB>:<namejB>  AND  <entltyjB>:<name_b> 

the  base  entity  Is  used  twice  and  renamed  at  each 
occurence  (similar  to  SQL) 

VIEW  <entltyjB>; 

the  base  entity  Is  copied  Into  the  VIEW  as  Is 


SDAI-V  Requirements 


Tools,  Inc 


STEP 


•  An  architecture  is  needed  to  describe  how 
applications  can  use  views 

•  The  architecture  must  be  compatible  with  long 
transactions 


Long  transactions 


STOEP  Tools,  Inc 


Analysis 

VIsw 


Dssign 

Systsinl 

0ns 

VIsw 


FT^ 


Prbns  Dssign  Systsm 
(Local) 


I. _ ..—  -I 


Part2l 


Approach 


Tools,  Inc 


snnsp 


•  Ons  approach  might  be  to  computa  viaw  updates 
by  Inversing  tha  view  definition  as  In  relational 
databases. 

Advantage-  the  user  only  has  to  describe  how  the 
View  Is  constructed 

Disadvantage-  View  updates  are  a  problam 
In  relational  databases  for  complex  views. 

•  Our  approach  Is  to  ask  the  user  to  describe  an 
algorithm  to  Implement  the  view  update. 


Updates 


SnnSP  Tools,  Inc 


VIEW  cube  OF  block 

WHEN  block.x  s  block.y  AND  block.y  s  block.z; 
(*  view  attribute  definitions  previously  shown  *) 

UPDATE 

block.position.location.coordinates[1]  :s  x; 
block.position.location.coordinates[2]  :s  y; 
block.position.location.coordlnates[3]  :s  z; 
block.x  :s  size; 
block.y  :s  size; 
block.z  :s  size; 


leiK 


(*  other  features  not  yet  shown  *) 
END.VIEW; 


Vtow  Definition 
Fonnutao 


,^lnitanc«8^^ 


SDAI 

Database 


view 

^^^Initances^^ 


View  UPDATE 


Fonnulee 


SDAI 
Database 


SDAl-V  Algorithm  gnTEP  Tools,  Inc 


1.  A  private  copy  Is  made  of  a  set  of  entity  Instances. 

2.  A  set  of  view  Instances  Is  created  from  the 
Instances  selected  In  Step  1. 

3.  An  application  or  user  edits  the  view  Instances 
for  a  (possibly)  extended  period  of  time. 

4.  The  new  values  of  the  view  Instances  are  used  to  update 
the  Instances  selected  In  the  Step  1. 

5.  The  view  Instances  are  deleted. 

6.  The  Instances  copied  In  STEP  1  are  merged  back  Into 
the  database. 


ISSUM 


SnnSP  Tools,  Inc 


•  The  VIEW  databass  eraatas  or  dalatas  antity  Instancas 
saa  anhancamants  on  naxt  sllda 

•  Tha  UPDATE  formulas  causa  sida  affacts  on  aach 
othar 

usar  rasponsiblllty  to  maka  tha  formulas  sIda  affact 
fraa 

•  Tha  basa  antitlas  may  ba  lockad  for  a  long  tima 

a  good  varslon  control  mechanism  Is  naad  In  STEP 


Creating  and  Delating  Instancas  gnnSP  Tools,  Inc 


VIEW  block  as  cube 

WHEN  block.x  s  bloclcy  AND  bloclcy  s  block.z;.. 

(*  Definition  and  Update  formulas  not  shown  *) 

CREATE 

block.posltlon  :s  axls2j)lacamant; 
block.positlon.axls  :s  diraction([0.0,0.0,1.0]); 
block.position.rafjdlraction  :s  diraction([1.0,0.0,0.0]); 
block.position.locatlon  :s  cartasian_point  ([0.0, 0.0, 0.0]) 

DELETE 

block.position.location: 

block.posltion.raf_dlractlon; 

block.positlon.axis: 

block.posltion; 

block; 

END  VIEW; 


R«fln«m0nts 


STEP  Tools,  Inc 


•  Updato,  Croats  and  Oalata  blocks  may  naad  to  ba 
conditional 

•  For  axampla,  to  craata  a  product  version  toistanea  in 
AP  203  It  may  ba  nacassary  to  craata  a  product 
Instance  first 


CREATE  WHEN  8IZEOF  (QUERY  (t  <*  product  |  TRUE))  s  0 
(*  cede  to  craata  the  product  Instance  *) 


•  Error  conditions  may  ba  raised. 


BNFOutllna _ gTEP  Tools,  Inc 

VIEW  <basa_antity>  AS  <viawjintity> 

(WHEN  <condltlon_on_basajBntity>}; 

(<attrlbuta>  :s  <axprasslon>;)  * 


(UPDATE  (WHEN  <ccnditlon>) 
^^(<basa_antity>.<exprassion>  :s  <axpression>;)* 


(CREATE  (WHEN  <condltlon>) 
^^(<basa_antlty>.<axpression>  rs  <axprasslon>;)* 


(DELETE  (WHEN  <condition>) 
(<basajintity>.<axprasslon>;)* 

END.VIEW; 


Application  Interpreted  Constructs 


Tools,  Inc 


snnsp 


AP203 


AP207 


AIC*s  are  "standard" 
of  the  AP's 


partitions 


AIC*s  and  STEP-VIEWS  SHTEP  Tools,  Inc 

•  AlCs  make  views  easier  to  define 

•  Views  do  not  need  AlCs. 

•  Views  can  be  used  when  AlCs  are  not  available. 

•  Views  do  not  have  to  be  defined  by  STEP. 

•  Views  are  a  solution  to  AIM  to  ARM  problems. 

•  Views  and  AlC's  make  STEP  easier  to  Implement 


36  WMks  Total 

26  Waaks  ■  STEP  Teola  Claaa  I  Mambarahip 
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STEP  Software  for 
World-Wide  Manufacturing 


Martin  Hardwick 
haxdwleklstopteola . 


SnnSP  Tools,  Inc 
100  Jordan  Road 
Rensselaer  Technology  Park 
Troy,  NY  12180 


Overview 


SnnSP  Tools,  Inc. 


•  Why  STEP 

•  Software  products  for  STEP 


SnnSIF*  Tools,  Inc. 


STEP  Software  for 
World-Wide  Manufacturing 


Martin  Hardwick 
hazdwlekletefpteols .  oo« 


Snnsi?)  Tools,  Inc 
100  Jordan  Road 
Rensselaer  Technology  Park 
Troy,  NY  12180 


Overview 


STEP  Tools,  Inc. 


•  Why  STEP 

•  Software  products  for  STEP 


What  is  STEP 


SnriElP  Tools,  Inc. 


•  An  information  modeling  language  called  EXPRESS 

•  A  methodolgy  for  creating  product  models 

•  Product  models  In  place  or  under  development  for 

Configuration  Controlled  Design  (AP  203) 

Associative  Draughting  (AP  202) 

Sheet  Metal  Die  Design  (AP  207) 

Circuit  Assembly  Design  (AP  210) 
many  others 

•  Methods  to  access  EXPRESS  data  in  files  and  databases 


tmm 


Why  STEP 


SnnEP  Tools,  Inc. 


•  Better  communication 

•  Better  databases 

•  Reduced  design  times 


eeta 


Better  communication 


SHTEP  Toois,  inc. 


STEP  is  intemationai,  moduiar  and  extensibie. 


QDcol 


Complat* 

Ununbiguout 

SAccuntt 


Better  Databases 


STEP  Toois,  inc. 


•  The  CAD  system  of  choice  changes  every  5  years 

•  Products  can  iast  for  30  years 


I  Design  |  |  Manufacturing  |  |  Anaiysis 

Visualization  Prooaas  Planning  CFD 

llodirieation  NC  Tool  Path  Qanaratlon  Straas 

Coat  aatimataa  FEM  Mash 


Raducod  Design  Times 


STEP  Tools,  Inc. 


tmm 


STEP  Software  STEP  Tools,  Inc. 

•  Information  Modeling  Tools 

•  Application  Development  Tools 

•  Database  Management  Tools 


Information  Modeling  Tools 


STEP  Tools,  Inc. 


ST-EXPRESS 


Reasons  to  buy  STEIP  Tools,  Inc. 

•  EXPRESS  is  a  great  way  to  model  technical  data 

•  EXPRESS  is  system  and  technology  independent 

•  EXPRESS  can  help  you  understand  the 
information  requirements  of  your  enterprise 

•  EXPRESS  can  help  you  plan  your  new  systems 
and  understand  your  old  ones. 

•  EXPRESS  has  been  used  by  STEP,  CR,  POSC  and  others 


What  you  naod 


STEP  Tools,  Inc. 


•  Tools  to  help  you  understand  EXPRESS  models 

•  Tools  to  help  you  verify  EXPRESS  models 

•  Tools  to  test  your  models 

•  Tools  to  develop  new  models 


ST-EXPRESS 


STEP  Tools,  Inc. 


•  An  EXPRESS  compiler 

•  An  EXPRESS  Interpreter 

•  An  EXPRESS  to  EXPRESS-G  translator 

•  A  Instance  editor  and  checker 


Chtcktht  EXPRESS 


STEP  Tools,  Ine. 


Use  the  EXPRESS  compiler: 


SCHSMAVnw: 
UM  PROM 


BMmVBtraM 
i  INTBOER; 


An  Information  Modal 

An  Entity  dafinaa 
a  raoord 


fci»v_iiot  — ondlwa : 
CNOjBNlITVi 


iMyaAMAMMMlIng  (lwy«)s 


SNTITV  RoolModa  SUBTVPB  OP  Nod*;  <«— 
pMnff  ;agT  [0:7]  OF  InMmalNod*: 
jWdwttBlf ; 

- 

(Orphan:  porantxoot  »: 

Iroo  Bt  neOiMonoo^  balanoad  (aoU); 
ENOlKiniTVi 


WHERE  dafinaa  a 
eonatraint 

Inharitanca 

Function  call 


Create  EXPRESS-G  SITEP  Tools,  Ine. 

Put  the  EXPRESS  file  through  the  layout  tool: 

%  aa9r«aa2«qpg  Mjtdbimm.mxp 

View  the  result  with  the  EXPRESS-G  display  tool: 

%  aapr«ss<-9  JkP^aehaaa-ai^g 

Browse,  rearrange,  and  print  the  EXPRESS-G  diagrams. 


Hmm 


Availability 


STEP  Toola,  Inc. 


•  MS  Wlndowa  piatforms  Q1  of  1994 


Application  Development  Tools  SHTEP  Tools,  Inc. 


ST-DEVELOPER 

(The  STEP  Programmers  Tool  Kit) 


RMSonstobuy 


SITBP  Tools,  Inc. 


•  You  nosd  to  oxchango  data  bataraan  CAD  systams 

•  You  want  to  link  an  application  to  a  STEP  database 

•  You  want  to  writa  a  naw  CAD  application 

•  You  naad  a  custom  application  for  STEP  or  EXPRESS 


What  you  naad _ SHTEP  Tools,  Inc. 

•  Maximum  programmer  productivity 

•  Full,  raiiabla,  comprahansiva  coverage  of 
EXPRESS,  Part  21  and  the  SDAI 

•  Modularity  and  flexibility 

•  Built-In  database  management 

•  Interfaces  to  IGES,  DXF  and  other  standards 

•  Built  In  support  for  a  wide  range  of  CAD  systems 


8T-DEVEL0PER 


annSP  Tools,  Inc. 


Projects  ETSP  Tools,  Inc. 

•  WP  AFB  Geometry  DatatMse  project  for  F15,  FI  6  & 

AF22  aircraft  geometries. 

•  Integrated  Process  Planning  Initiative  (IPPI) 

•  PreAmp  SDAI  database  for  circuit  boards  (AP  210). 

•  Raytheon  -  MO  DB  for  electrical  manufacturing  data. 

•  Rapid  Response  Manufseturing. 

•  GM  and  Boeing  -  UG/CGS/CAT1A  Sheet  Metal  Project 

•  UnIgraphIcs  AP  203  Interface  for  the  STEP  777 

project 

•  CTC  CALS  EXPO  93  demo 

•  Rolls  Royce,  Appllcon,  and  80  others  In  the  US, 

Germany,  Japan,  UK,  Spain  and  Scandanavla. 


Data  Exchanga 
SUN 


SHTEP  Toola,  Inc. 
RSmX) 


Electronic  Commerce 


SnnSP  Tools,  Inc. 


Sharad  Databasa 


SiniP  Tooia,  Ine. 


I  Design  |  |  Manufacturing  |  |  Analysis 

VteuaHiMlon  ProoM*  Plannino  CFD 

Modification  NC  Path  Qanaratlon  Straaa 

Coataatimataa  FEMMaah 


Availability 


SnnSIP  Tools,  Inc. 


•  UNIX  workstations  since  December  1991 


Database  Management 


STEP  Tools,  Inc. 


ST-203 


SMS 


Reasons  to  buy  STEP  Tools,  Inc. 

•  You  need  an  archive  of  AP  203  descriptionss 
for  your  customers  and  suppliers 

•  You  need  to  convert  to  AP  203 

•  You  need  to  be  able  to  verify  the  correctness  of 
your  AP  203  data  sets 

•  You  need  to  be  able  to  repair  AP  203  data 


What  you  nead  /  ST* 


SnriElF  Tools,  Inc. 


■203 _ 

•  An  archive 

•  An  AP  203  visuallzar  and  data  editor 

•  IGES  to  AP  203  translation  and  data  entry 

•  Test  and  repair  tools 


Availability 


onnsp  Tools,  Inc. 


•  Silicon  Graphics  and  SUN  platforms  Q1 1994 

•  Other  platforms  as  Open  GL  becomes  available 

•  Demonstrations  at  AUTOFACT  and  CALS  EXPO 
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Detailed  Description  of  CFI  DR  1.0 

This  is  a  detailed  description  of  the  Information  Model  developed  by  CFI  to 
represent  the  hiereu'chical  netlist  coimectivity  of  electronic  circuits.  One  of  CFI's 
goals  it  to  represent  more  aspects  of  circuit  structure  in  the  future. 

The  Information  Model  has  been  partitioned  into  two  sections.  The  first  section 
is  the  "Base  Object  Model",  and  the  second  is  the  "Base  Connectivity  Model".  The 
"Base  Object  Model"  captures  the  top  of  the  entity  hierarchy  used  to  describe  the 
information  model  (see  Figure  1).  The  "Base  Connectivity  Model"  represents  a 
high-level  abstraction  of  the  base  connectivity  model  for  electronic  circuits. 

Description  of  the  Base  Object  Model 

The  entire  Design  Representation  Ii\formation  Model  is  derived  from  a  single 
entity  which  models  the  basic,  low-level  behavior  of  any  entity  in  the  model. 
This  low-level  behavior  is  intended  to  capture  the  essence  of  Ae  notion  of  an 
OBJECT.  The  basic  behavior  of  all  objects  in  the  DR  model  is  that  they  will  be 
TYPED  and  may  have  an  optioruil  list  of  properties  associated  with  them.  Addi¬ 
tionally,  many  objects  have  a  NAME. 


The  Base  Connectivity  Model  Description 

This  section  describes  the  portion  of  the  model  that  represents  hierarchical  netlist 
coimectivity.  The  EXPRESS-G  diagram  of  the  Base  Coimectivity  Model  is  shown 
in  Figitre  2.  This  model  represents  the  objects  and  relationships  used  to  rep¬ 
resent  hierarchical  netlists  with  bundles  in  CFI  1.0.0  Design  Representation. 
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Hierarchical  design  supports  the  notion  of  building  up  the  behavior  of  a  design 
by  collection  and  connecting  together  other  designs.  Each  of  the  other  designs 
can  in  turn  be  built  recursively  from  yet  other  designs,  etc.,  until  a  subdesign  is 
reached  which  is  composed  of  primitive  design  elements.  In  this  case  a  primi¬ 
tive  design  element  is  one  for  which  no  further  interior  structure  is  known. 
Primitive  design  elements  are  also  referred  to  as  leaf  cells. 

In  order  to  represent  a  hierarchical  design,  there  must  be  a  way  to  represent  the 
design  \mder  consideration  and  die  fact  that  it  is  composed  of  other  designs 
whi^  are  connected  in  some  way.  In  the  model  described  herein,  a  particular 
implementation  of  a  design  is  represented  by  the  NetlistView  entity.  The  inclu¬ 
sion  of  smaller  designs  of  which  a  NetlistView  is  composed  are  represented  by 
then  Inst  entity.  The  term  Inst  is  an  abbreviation  for  the  word  Instance. 

Instantiation  is  the  act  of  using  one  design  in  die  structure  of  another  design.  In 
this  model,  the  design  which  is  being  used  is  the  Inst,  and  the  design  in  which  an 
Inst  is  used  is  the  NetlistView.  An  example  of  this  could  be  the  NedistView  as  a 
Printed  drctut  beard  and  an  Inst  as  an  individual  chip  which  is  soldered  down 
onto  the  circuit  board.  A  NetlistView  may  have  more  than  one  Inst  within  it  and 
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multiple  Insts  of  a  single  design  may  be  placed  into  the  NetlistView.  An  Inst  rep¬ 
resents  the  use  of  one  design  witl^  another  design.  Each  Inst  represents  an 
instantiation  of  one  NetlistView  within  another  NetlistView. 

An  instantiation  is  not  exactly  a  copy  nor  is  it  exactly  a  symbolic  reference.  For 
example,  in  a  NetlistView  named  "Half-Adder"  an  I^t  of  a  NetlistView  names 
"XOR"  represents  the  fact  that  the  design  of  an  XOR  gate  is  used  as  a  component 
in  the  design  of  a  half-adder. 

Having  provided  a  representation  for  the  hierarchical  structure  of  designs  tising 
the  NetlistView  and  Imt  entities,  it  is  necessary  next  to  provide  a  representation 
for  interconnecting  the  Insts  within  a  NetlistView. 

The  coimectors  of  a  design  are  represented  by  the  Port  entity.  Since  an  Inst  rep¬ 
resents  the  use  of  a  specific  NetlistView,  ^e  Portinsts  belonging  to  an  Inst 
correspond  exactly  to  ^e  Ports  on  the  NetlistView  referenced  by  the  Inst.  For 
example,  if  an  Inst  "XORl”  represents  the  use  of  an  XOR  gate  within  a  design 
then  each  of  that  Inst's  Portinst  entities  will  correspond  to  a  single  Port  entity  in 
the  NetlistView  of  the  XOR  gate  that  was  used  to  create  this  Inst.  The  corre¬ 
spondence  between  an  Inst  and  the  NetlistView  it  represents  is  referred  to  as  the 
"Describer  Relationship".  An  Inst  is  completely  "described"  by  the  NetlistView  it 
represents.  This  same  correspondence  exists  l^tween  a  Portinst  and  the  Port  it 
represents.  Both  the  Inst  and  Portinst  entities  contain  a  Describer  attribute.  The 
fact  that  Portinst's  attributes  for  name  and  direction  are  DescriberName  and 
DescriberDirection  indicate  the  close  tie  required  between  each  Portinst  and  its 
Describer  Port. 

To  complete  the  initial  model,  the  Net  entity  is  used  to  represent  each  set  of  con¬ 
nections  between  Portinsts  and  Ports  within  a  NetlistView.  When  a  collection  of 
Portliist  and  Port  entities  are  associated  with  a  Net,  it  reflects  the  intention  that 
each  Portinst  and  Port  in  the  collection  will  have  exactly  the  same  signal  infor¬ 
mation  at  all  times.  A  Net  may  coimect  oiUy  Portinsts,  orily  Ports,  or  a  mixture  of 
the  two. 

One  final  concept  is  that  of  Bundles.  In  many  scenarios,  it  is  conveiuent  for  a 
designer  to  group  a  set  of  signals  together  and  refer  to  the  set  as  a  single  signal. 
In  the  Base  Connectivity  Model,  this  concept  is  represented  by  introducing  the 
notions  of  Scalar,  Bundle,  and  Bus.  A  Scalar  is  an  individual  thing  which  may 
not  be  unbundled  into  anything  else.  A  Bimdle  is  an  ordered  collection  and  a 
Bus  is  an  ordered  collection  with  index  values  for  each  position.  The  idea  of 
Scalar,  Bundle,  and  Bus  is  applied  to  Nets,  Ports,  and  Portinsts. 

A  Net  may  be  either  a  NetScalar,  a  NetBundle,  or  a  NetBus.  In  a  sense,  there  are 
now  three  "types"  of  Net  entities.  A  NetScalar  entity  represents  one  individual 
signal  which  may  not  be  further  decomposed  into  subsignals.  A  NetBimdle 
entity  is  a  collection  of  Nets,  each  of  which  is  optionally  a  NetScalar,  a 
NetBimdle,  or  a  NetBus.  A  NetBus  entity  is  a  NetBundle  with  tow  additional 
attributes  of  Start  and  Step  which  define  the  range  of  index  values  associated 
with  the  positions  in  the  bundle. 

Thus  NetBundles  have  only  the  Names  for  each  Net  and  an  implicit  Position  in 
the  bundle  for  each  Net.  NetBusses  are  NetBundles  that  also  have  an  index 
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value  for  each  position.  This  index  is  restricted  to  be  monotonicaUy  changing 
from  position  to  position  by  a  fixed  integer  Step,  that  can  be  positive  or  negative, 
but  may  Start  at  any  integer  value. 

NetBimdles  do  not  hide  the  Names  of  their  member  nets.  All  Nets  in  any  one 
NetlistView  are  required  to  have  unique  names.  Nets  can  appear  in  more  than 
one  position  in  a  given  btmdle  and  in  more  than  one  NetBundle.  A  given  name 
for  a  Net  in  a  particular  NetlistView  always  refers  to  the  exact  same  Net. 

A  similar  structure  exists  for  Ports  and  Portinsts,  resulting  in  ti\e  definition  of 
PortScalar,  PortBundle,  PortBus,  PortInstScalar,  PortlnstBundle,  and 
PortInstBus.  The  PortInstBundles  and  PortInstBusses  get  tiieir  structure  entirely 
from  the  corresponding  PortBundles  aiul  PortBusses. 

However,  a  significant  difference  from  NetBundles  is  that  PortBundles  hide  the 
Names  of  their  members  from  other  PortBundle  contents  and  from  the  names  of 
the  Ports  that  are  directly  in  the  NetlistView.  Thus  Port  Names  may  be  reused 
without  referring  to  the  same  object.  The  other  difference  is  that  a  PortBundle, 
and  thus  also  a  PortlitstBundle,  caimot  repeat  a  member  in  two  different  posi¬ 
tions.  Therefore  any  one  name  only  appears  one  time  in  a  given  bimdle. 
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D.  DIE  Information  Exchange  (DIE)  Format  Reference  Manual 
(Chapter  1) 
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Notes  for  Reviewers 
reh,  24  aug  93  (drt^  0.8) 

Italicized  sections  in  this  document,  or  phrases  enclosed  in  curly  braces  {},  represent  notes  to  the  reviewer  about 
unclear  areas  or  discussions  still  not  finalized.  They  should  not  be  considered  part  of  the  final  document. 

Some  of  the  drawings  contained  herein  are  based  on  original  electronic  work  byTIas  part  of  their  HDI  process 
description:  and  further  modified  by  MCC  as  part  of  the  Design  Interface  Alliance. 


Not  all  settings  have  been  defined  yet.  All  level  0  ones  are,  most  level  1  and  some  level  2.  They  will  be  completed 
by  the  draft  release  before  the  workshop. 

The  Thermal  and  Electrical  models  have  not  been  integrated  into  this  draft  document  as  of  yet.  See  separate 
companion  documents  describing  the  proposed  models. 

TAB  or  Flip  die  are  not  yet  included  in  this  description.  The  current  settings  should  not  preclude  and  should 
definitely  support  their  inclusion. 

A  thorough  review  with  experts  in  all  IC  process  technologies  has  not  been  completed  yet.  Some  technologies 
such  as  GoAs,  ECL  or  BiCMOS  may  not  yet  be  properly  covered. 

Although  we  have  tried  to  be  very  careful  to  consistently  use  terms,  the  terms  we  picked  may  not  be  appropriate  or 
correct  for  the  technology  (for  example,  we  should  possibly  use  “literal''  instead  of  “value",  etc.).  Please  suggest 
clearer  or  more  appropriate  terminology  (even  if  seemingly  trivial)  as  needed.  Being  buried  in  it,  we  sometimes 
miss  the  basic  items. 


This  document,  many  referenced  documents,  and  related  information  is  all  available  via  the  VHDL  International 
Internet  Repository.  You  can  get  access  and  download  files  in  many  ways.  Each  is  described  next: 


Email  access: 

There  is  an  email  FTP  arctuve  server  on  the  machine.  Send  an  email  message  to  archive@vhdl.org.  The  subject 
is  ignored.  If  a  line  in  the  body  of  the  message  begins  with  “help",  then  a  descriptive  help  file  of  commands 
available  is  sent.  Basically,  you  communicate  to  the  server  through  commands  in  the  mail  message  body.  It  then 
responds  to  your  commands  via  email.  You  should  always  add  the  command  “path  <your_emailjiddress>“  to  any 
message  to  assure  the  return  address  is  understood. 

The  following  examples  assume  you  have  initiated  a  mail  message  to  archive@vhdl.org.  They  list  the  contents  (or 
body)  the  email  message  should  contain.  Remember  to  use  "path  <yourjemail_address> "  also. 


For  example: 

To  get  Help: 

To  get  a  listing  of  the  available  files  and 
directories  at  a  given  level: 
and  a  description  of  each: 

To  ask  for  a  file  to  be  downloaded: 


path  randyh@lmc.com 
help 

index  pub! (tie 

send  pub  dielOOrecuime  -  note:  those  are  leatting  zero’s 
send  pub  die/dieO-B/dieO-8.eps 


DUtl'Up  access: 

Dial-up  the  vhdl.org  system  at  408.945.4170.  Any  baud  (upto  14,400).  parity,  start  &  stop  bits,  and  v.*  settings 
will  do.  Login  as  “guest"  account.  Once  in,  simple  UNIX  commands  such  as  “cd publdie",  “Is"  and  “cat"  are 
available.  Also,  you  can  download  desired  files  using  “kermit",  “xmodem"  or  “sz“  (zmodem). 


Internet  access: 

Use  "ftp  vhdlarg"  (or  “ftp  19831. 14. 3")  amd  log  in  as  user  anonymous.  Also,  gopher  is  available  and  highly 
recommended  if  you  have  it  available.  Gopher  to  “vhdl.org".  Remember  to  set  "binary"  mode  for  any  binary  files 
you  may  select. 
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1.  Introduction 

This  document  is  the  result  of  a  study  and  workshop  into  the  design  practices  and  technologies  of  MCM  and  IC 
manufacturers,  designers  and  EDA  tools.  It  represents  the  data  requirements  that  have  been  extracted  by  key 
companies  and  people  in  the  industry  that  were  used  as  the  basis  to  form  an  interchange  specification  for  die 
S  library  informadtm.  See  [REQUIRE]  and  [WORKSHOP]  for  more  details. 

The  DIE  Format  is  designed  to  be  a  computer  sensible  (EDA  tool  processable)  interchange  format  for  information 
from  IC  manufacuirers  to  MCM  designers  and  foundries.  The  fnmat  is  not  intended  to  be  an  Electronic  Dau 
Book  nor  to  necessarily  represent  all  the  information  needed  to  understand  the  die.  In  some  cases,  information 
important  to  the  end  user  but  not  computer  sensible  has  been  included  to  facilitate  understanding  and  use  of  the 
10  data. 

The  DIE  Format  is  intended  to  convey  the  physical  characteristics  of  the  die  -  those  needed  for  place  &.  route, 
thermal  analysis,  electrical  signal  analysis,  power  distribution  design,  and  physical  bonding.  existing 
formats  are  expected  to  incorporate  the  functional,  tesL  and  inherent  tuning  formation. 

The  luimary  focus  has  been  on  digital  ICs  but  the  format  is  eventually  meant  to  include  ail  components  used  in  an 
IS  MCM  process.  (ICs,  passive  devices,  connectors,  etc.)  Information  that  is  tii.ic  ccmsuming  to  manually  collect, 
difTicult  to  enter,  or  not  generally  available  has  a  priority  fen-  inclusion.  Information  specific  about  the  bare  die 
form  of  a  component  generally  falls  into  this  category. 

Specifically  included  are  pre-diced  die,  bare  die,  and  die  that  have  been  post-processed  for  attachment  mechanisms 
such  as  flip  chip  (Solder  bump,  C4,  etc.),  wire  bond,  TAB  (flexible  lead  frame  direct  attach  to  die),  and  chips  first 
20  (chip  in  cavity,  embedded  chip,  etc.;  under  thin  film  interconnection).  These  various  forms  of  die  and  there  use  are 
shown  diagrammatically  in  figure  1.  fn  this  first  release,  TAB  has  not  been  covered  norfiip  chip  with  solder 
bumps  or  extra  thin-film  layers  added. 
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25  Figure  1:  Typical  MCM  Die  Attach  and  Pad  Bonding  Mechanisms 

This  format  represents  an  interim  solution  to  exchanging  bare  die  information.  The  resulting  information  model 
crudely  defined  by  this  document  will  be  used  to  further  refine  more  comprehensive  standards.  Specifically,  it  is 
expected  to  help  drive  the  EIA  EDIF  [EIA5481  and  CFI CIR  (Pinnacles)  Electronic  Data  Book  fMmat 
(syntactically  represented  using  [SGML8879])  emerging  standards.  A  final  standard  from  CFI  or  EIA  is  not 
30  expected  to  be  ratified  before  19%. 

Whatever  the  final  standard,  the  interim  format  is  kept  simple  so  as  to  make  easy  availability  of  a  translator 
capable  of  taking  DIE  Format  blocks  and  converting  them  into  any  final  standard  that  develops.  In  this  way,  IC 
manufacturers  who  start  delivering  to  the  format  today  are  guaranteed  of  a  long  commitment  to  the  format  into  the 
future.  Also,  consideration  is  given  to  generating  a  block  from  a  CDS  II  file.  This,  along  with  the  human 
35  readability  of  the  formaL  should  make  it  easy  for  IC  manufacturers  to  create  the  necessary  file  block  info  about 
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their  die.  Given  EDA  vendors  are  committed  to  adopting  the  fonnat  as  it  exists  today,  this  should  further  enhance 
the  usefulness  of  this  interim  solution. 

The  specifics  of  the  format  itself  are  teoken  up  into  three  major  sections.  First  a  top  down  structure  of  the  data, 
and  other  lexical  information  about  the  fonnat  is  described.  Then  the  compliance  levels  with  the  settings  are 
5  introduced.  Finally,  the  core  of  the  format,  the  settings  are  described  in  a  reference  style  format  for  easy  look-up. 
The  first  two  section's  should  be  read  for  an  overview,  followed  by  a  detailed  reading  of  each  setting  in  the  final 
section.  Following  the  settings  are  a  glossary,  reference  list,  and  appendices  giving  detail  in  a  collected  format  (for 
example,  the  BNF). 

1.1.  Basic  Modal 
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The  DIE  Format  is  designed  to  convey  information  about  bare  die  in  a  convenient,  succinct  manner  suitable  for 
EDA  tool  processing  and  MCM  designer  consumption,  wtere  needed.  Post-processed  die  which  have  TAB, 
ribbon,  or  solder  bumps  added  to  the  bare  die  are  considered  speciaL  modifi^  forms  of  the  die  and  as  such,  receive 
their  own  section  of  description.  These  special  forms  of  still  unpackaged  die  reference  will  still  need  to  reference 
the  bare  die  information  for  a  majority  of  the  detail. 

Many  times  information  is  common  across  many  die  or  many  objects  being  described  on  the  die  such  as  interface 
pads.  In  these  cases,  the  format  allows  for  the  separate  definition  of  the  nformation  and  objects  and  then  the 
instancing  of  the  object  with  any  necessary  "local”  customization  given  at  that  time.  This  is  similar  to  how  the 
TAB  die  actually  reference  the  bare  die  and  then  proceed  to  describe  the  differences  or  "added"  objects. 

From  here  on  out,  when  die  is  used  unannotated  in  the  this  document,  it  implies  bare  die.  All  other  form  of  die 
(such  as  nip  die,  TAB  die,  etc.)  will  be  identified  as  such.  The  generic  term  for  all  these  various  types  of  die  is 
unpackaged  die. 

For  TAB  die,  the  pads  are  defined  to  be  the  contact  point  areas  of  the  lead  frame  -  sometimes  termed  the  Outer 
Lead  Bond  (OLB).  The  lead  frame  is  broken  up  into  three  sections  ~  the  imt^r  Lead  Bond  (ILB),  the  connecting 
tape,  and  the  OLB. 

Note  tl'  ^  for  ribbon  die  whic'  '  to  be  mounted  fxe  down  (Hip),  the  OLB  will  be  interior  compared  to  the 
connecung  tape.  This  is  due  to  the  action  taken  of  cuuing  off  r  shortening  the  leads  during  bonding. 

Datum  and  coordinate  system 


Geometrical  figures  are  defined two-dimensional.  Euclidean  view  plane.  The  geometrical  figure  is  formed  by 
an  orthographic  parallel  project,  .rom  the  die  to  the  view  plane.  The  view  plane  is  parallel  to  and  above  the 
plane  formed  by  the  die  active  surface.  The  outside  surface  closest  to  the  electrically  active  layers  of  material 
defines  the  "top”  of  the  die.  This  outer,  "top"  layer  is  typically  coated  with  an  electrically  passive  material  and  thus 
termed  "passivation  layer". 


Figure  2:  Miscellaneous  Die  and  Pad  Specifications 
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The  die  coordinate  system  origin  is  defined  at  the  center  of  the  smallest  rectangle  which  will  bound  the  die's  view 
plane.  A  "rotation"  orientation  of  the  die  is  arbitrary  but  must  be  consistently  applied.  The  bonding  pad  diagram 
is  usually  a  useful  visual  aid  to  establishing  for  the  user  the  (mentation  of  the  die  in  the  view  plane. 


Figure  3:  Die  and  Pad  Datum  (centers). 

5  Padoutii;  andp'.  cement  examples 

Similarly,  a  pad's  coordinate  system  origin  is  defined  to  be  the  center  of  the  smallest  rectangle  which  will  bound 
the  pad.  For  level  0  pad  geometry's,  a  pad  ■  defined  as  the  smallest  passivation  opening  over  the  metal  contact  of 
an  intended  connect  point. 


10  Tolerances  and  Accuracy 

A  physical  dimep>sion,  such  as  a  width,  height  or  thickness,  has  both  a  basic  dimension  value  and  a  tolerance.  The 
basic  dimension  is  defined  to  be  the  numerical  value  used  to  describe  the  theoretical  size  of  an  object  It  is  the 
basis  (or  datum)  from  which  the  tolerances  and  accuracy  are  defined.  Tolerances  specify  the  minimum  or 
maximum  expected  deviation  from  a  given  theoretical  di'-cnsion  fm  the  physical  structure  being  described. 


24  August  1993 


DIE  Format  Industry  Group 


Pages 


VERSION:  0.8  Draft 


DIE  Format  Reference  Manual 


Bare  Die  Library 


The  tolerance  for  a  physical  dimension  or  coordinate  point  is  given  by  a  separate  setting  attribute.  If  not  defined 
for  the  section,  then  the  tolerance  is  unknown.  The  tolerance  represents  the  deviation  in  the  physical  object  from 
the  basis. 
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Each  numeric  value  has  a  precision  and  an  accuracy.  The  precision  is  represented  by  the  number  of  numeric  digiu 
used  to  represent  the  value.  The  accuracy  is.  by  default,  plus  or  minus  1/2  of  the  least,  non-zero  digit  radix.  That 
is,  if  the  last  non-zero  digit  radix  is  10'^,  then  the  accuracy  is  ±  .0005.  When  creating  a  block  in  the  DIE  format, 
the  appropriate  precision  to  imply  an  accuracy  that  is  close  to  the  intended  value  should  be  used  for  all  values.  The 
accuracy  represents  the  deviation  possible  in  the  numeric  value  due  to  measurement,  computing  or  other  forms  of 
introduced  errors;  but  not  the  tolerance  of  a  value  to  rqiresent  a  physical  item. 


Note  that  an  accuracy  of  other  than  1/2  a  digit  cannot  be  specified  (although  a  tolerance  for  a  dimension  can  be 
more  specific). 


1.2.  BNF  Conventions 


Throughout  the  rest  of  the  document,  the  syntax  of  the  DIE  Format  is  introduced  using  BNF.  The  conventions  are 
briefly  covered  here  for  those  readers  unfamiliar  with  this  format. 

IS  A  definition  is  shown  starting  with  a  non-terminal  of  the  item  being  defined  followed  by  a  sequence  and  then 
the  body  of  the  definition.  A  deflnition  may  span  .nultiple  lines  of  the  document 

<Non_teminal_definition>  <body> 

A  non-terminal  is  shown  between  angle  brackets  (’<’  and  ’>■).  A  terminal  is  a  keyword  or  special  character  shown 
in  boldface  type  and  between  single  quotes  if  only  a  single  character. 

20  <non_terTninal> 

t«zsiinal_aueh_aa  koyword 
•1'  ” 


When  zero  or  one  occurrences  of  an  item  or  group  of  items  can  exist  the  item(s)  are  grouped  within  square 
brackets  ('['  and  ’]')•  When  zero,  one  or  more  occurrences  of  an  item  or  group  of  items  can  occur,  they  are  grouped 
25  within  curly  braces  ('('  and  '}')•  One  or  more  occurrences  are  defined  by  putting  the  item(s)  first  and  then  again 
inside  curly  braces.  When  a  fixed  number  of  items,  a  fixed  number  range  of  items,  or  a  fixed  minimum  number  of 
items  is  required;  this  is  represented  by  putting  the  items  in  curly  braces  followed  immediately  by  the  number  or 
range  designation  (n,  n-m,  or  n+;  respectively). 

Zero  or  One  Occurrences:  I  <body>  ] 

30  Zero,  One  or  More  Occurrences:  {  <body>  ) 

One  or  More  Occurrences:  <body>  1  <body>  1 

Sometimes  there  is  the  possibility  of  a  choice  between  several  different  items.  Each  item  may  be  a  single  name 
value  or  a  complex  non-terminal.  When  there  is  an  option  or  choice  between  a  list  of  difl'erent  items,  the  items  are 
separated  by  a  vertical  pipe  (T)  character.  All  items  between  two  vertical  pipes  are  part  of  the  same  choice.  All 
35  items  between  the  definition  stan  and  the  first  vertical  pipe  are  pan  of  the  flrst  choice.  All  items  after  the  last 
vertical  pipe  to  the  end  of  the  definition  comprise  the  last  choice. 

<choice_ciefinition_exair¥>le>  ::-  <1>  <2>  <3>  |  <x>  <y>  |  <a>  <b>  <c>  <d> 

Items  may  be  grouped  into  a  sub-definition  to  avoid  creating  a  nested  definition.  If  an  option  is  being  defined,  the 
grouping  defines  the  beginning  and  end  of  the  definition.  The  grouping  is  indicated  by  enclosing  the  items  in 
40  parenthesis  ('('and ')'). 

...  <item>  (  <l>  <2>  <3>  I  <x>  <y>  I  <a>  ...  )  <item>  ... 
which  is  in  lieu  of  doing  a  reference  to  another  non-terminal: 

...  <item>  <choice_definitionjexample>  <item> _ 

Non-terminals  shown  in  the  syntax  that  are  {tokens  or  leacons  or  literals}  of  the  language  are  described  in  the 
45  lexical  conventions  section  presented  later  on. 
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1.3  Objective  Statements 


The  following  are  the  key  objectives  which  this  Alliance  will  accomplish  in  fulfillment  of  its 
mission. 

•  The  Alliance  will  define,  develop,  and  disseminate  a  comprehensive  set  of  ASEM 
^  inforaiadon  and  dam  exchange  interface  qiecificadons  for  the  bi-directional  flow  between 

the  design  environment  and  muldple  manufacturers  (open  foundries). 

•  Existing  standards  will  be  exploited  to  the  fullest  extent  possible  and  recommendations 
made  for  their  extensions  to  accommodate  any  unique  requirements  for  ASEMs. 

•  Any  new  candidates  for  a  standard  wall  be  prepared  for  submission  to  the  appropriate 
standards  group. 

•  Focus  will  initially  be  on  the  exchange  of  physical  level  design  information,  progressing 
upward  in  the  design  flow  as  deemed  necessary  later  in  the  program. 


1.4  Plan-of-Action 

>iCC,  as  the  Alliance  facilitator,  has  defined  a  five  step  approach  to  accomplish  the  mission  of 
the  program.  These  basic  steps  are  as  follows: 

•  Establish  nograra  organization,  industry/govemment  Steering  Committee,  and  roadmap. 

•  Define  a  working  model  of  the  ASEM  design  information/data  flow,  PRIORITIZE,  and 
partidon  it  into  logical  interfaces. 

•  Hold  industry  review  session,  staff  wj^rking  groups  with  experts  to  address  specific 
interfaces,  develop  interface  specification  documents,  and  exercise  and  validate  those 
interface  qiecifications. 

•  Review  and  seek  ^iproval  from  Alliance  members  (revise  as  needed). 

•  Determine  applicable  standards  for  the  exchange  of  ASEM  design  data,  identify  any 
modifications  and/or  make  recommendations  for  new  standards. 

These  steps  are  incorporated  into  this  document  and  form  the  basis  of  the  roadmap  (PERT 
chart)  included  in  section  2.0. 
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ASEM  CAx  Alliance  Development  Roadmap  (DRAFT) 


John  Isaac  (Mentor  G.) 

Kevyn  Salsburg  (IBM) 

Frank  Boyle  (Cadence) 

Lou  Concha  (WL) 

Tony  Mazzulto  (Hairis) 

% 

The  reqxnsibilities  oi  the  sieehng  committee  include  die  following; 

•  ftovide  overall  executive  direction  for  the  Program. 

•  Determine  priority  of  interfaces  and  ^propriate  subcomminees  (working  groups). 

•  Help  recruit  appropriate  individuals  for  wcxking  groups. 

•  Mtmitor  the  working  groups  to  ensure  focus  and  progress. 

2.3  Roadirup  (PERT  Chart) 

Based  on  die  recommendations  and  requirements  established  by  the  steering  committee  over  the 
past  four  months  a  PERT  chan  was  generated  based  on  the  schedule  of  events  and  milestones 
needed  to  meet  the  mission  statement  of  this  program.  The  PERT  chan  was  generated  based  on  the 
definition  of  working  groups  recommended  by  the  steering  committee.  Refer  to  section  4.0  for 
Working  Group  mission  statements.  This  PERT  chan  accommodates  the  requirements  of  the 
validation  pilot  project  working  group  as  needed  to  exercise  and  suppon  the  working  groups 
defining  die  actual  interface  ^lecifications.  The  PERT  chans  are  comprised  of  the  following  four 
pages. 


Randy  Harr  (Logic  Modeling) 
Dave  21amow  (Hughes) 

Don  Kuk  Gntergraph) 

Wes  Hansford  (ISl) 
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open  Foundry 


Figure  3-2  There  will  be  multiple  entry  points  from  an  external  customer  to  an  ASEM  foundry. 

A  more  detailed  analysis  of  the  foundry  interface  was  provided  by  Texas  Instruments  and 
Motorola  with  additional  reviews  and  comments  by  the  other  steering  committee  members.  The 
view  at  this  more  detailed  entry  level  is  shown  in  Figure  3-3.  This  illustrates  the  relationship  of 
external  customer  design  flow  with  the  entry  into  the  foundry's  internal  design  flow.  The  bi¬ 
directional  exchange  of  information  is  essential  for  the  complete  and  accurate  design  of  ASEMs. 
Hence,  the  early  design  information  from  the  foundry  to  the  external  customers  must  be  defined 
concurrendy  with  the  flow  of  electrical  design,  layout,  and  packaging  information  from  the  external 
design  to  the  foundry. 
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The  interdependencies  on  the  bi-directional  flow  of  information  made  It  exo  r  .  difflcult  to 
define  the  working  groups  which  will  work  explicitly  to  determine  the  various  faces  at  each 
exchange  level.  The  type  of  infcmnation  required  is  also  dependent  on  the  point  of  entry  into  the 
design  flow.  The  steering  comrrtittee  decided  to  partition  the  problem  into  topics  which  represent 
the  flow  of  information  and  recommended  that  die  working  groups  should  be  defined  accordingly. 
'Note  that  the  nomenclature  used  below  was  selected  to  refer  to  the  direction  of  the  data  exchange 
and  will  be  used  throughout  this  document  to  describe  the  tq)ic  matter  of  the  working  groups. 
The  r^lem  was  partitioned  as  foUows: 


1)  Qistomer-to-Foundry:  That  information  which  is  produced  by  the  customer  from  both  the 
CAD  environment  arid  from  other  descriptive  information  that  is  required  by  the  foundry  to 
produce  an  ASEM. 

2)  Foundry-to-Customer:  That  information  which  a  foundry  must  provide  a  customer  to 
select  and  design,  with  the  appropriate  technology,  an  ASEM  which  meets  the  customer's 
application  requirements. 

3)  IC  Physical  Description:  That  information  required  by  both  the  customer  and  the  foundry 
to  complete  the  physical  and  electrical  design  of  an  ASEM. 

An  example  of  the  type  of  design  information  is  shown  in  Figure  3-4. 
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Figure  3^4  ASEM  design  data  types  and  direction  of  design  information! data  flow. 
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The  Customer  to  Foundry  Working  Group  will  also  publicize  our  activities  to  other  standards 
groups  (CFI,  IGES  Harmonization,  PAP/E,  EDIF,  VHDL),  and  to  the  industry  in  conjunction 
with  industry  meetings  (lEPS  in  San  Diego  in  September  '93  and  the  IPC  meeting  in  Washington, 
D.C  in  October  *93.) 

The  Woridng  Group  will  also  review  the  IC  Draft  prepared  by  the  IC  Data  Specification  and 
bterface  Working  Group. 


4.2  Foundry-to-Customer  Working  Group  Mission  (Chairperson:  Kevyn 
Salsburg) 

C^jective:  To  define,  through  industry  consensus,  interface  speciflcadons  leading  toward  the 
standardization  of  the  exchange  of  data  from  MCM  foundries  to  the  ASEM  CAE/CAD 
environment  This  data  shall  include: 

•  delivery  files 

•  design  kits 

•  feedback  information  following  data  transfer  from  customer  to  foundry 

•  technology  rules 

The  working  group  will  add  information  to  the  MCC  draft  specification  which: 

1)  defines  what  information  will  be  given  back  to  the  customer  following  an  exchange  of 
design  data  from  the  customer  to  the  foundry,  and 

2)  defines  the  format  of  that  information  so  that  the  same  type  of  information  is  provided  to 
the  customer  independent  of  which  foundry  was  used. 

A  data  model  of  the  content  of  design  kits  will  be  coordinated  through  the  information 
modeling  working  group. 

The  first  focus  of  this  group  will  be  directed  at  information  and  dau  needed  to  ensure  the 
success  of  physical  design  level  data. 


4J  1C  Data  and  Interface  Specification  Working  Group  Mission  (Chairperson: 
Randy  Harr) 

Objective:  To  identify,  develop,  and  refine  interface  specifications  that  are  essential  for  the 
exchange  of  IC  related  physical  design  information  needed  as  pan  of  the  design  data  interface 
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conqilexity  of  the  validation  exercises  and  to  have  well  defined  demonstrable  milesttMnes  each  six 
months. 


5.0  Industry  Review  Process 

Factored  into  the  program’s  plan  of  action  are  specific  steps  to  ensure  the  review  and 
accqnanoe  by  industry  of  the  interface  qiecification  standards.  As  shown  in  the  program  reRT 
diart,  there  are  planned  industry  participations,  reviews  and  presentations  over  the  next  18  months. 
Key  to  the  success  of  the  industry  consensus  process  is  the  staffing  of  working  groups  by 
industry,  representing  the  interests  of  end-users  (customers),  EDA  vendors,  IC  manufacturers, 
suppliers,  and  ASEM  manufacturers. 

Wmidng  group  chairpersons  and  MCC  will  ensure  the  recruiting  of  volunteer  participants  in 
the  industry  review  process.  These  working  groups  are  chartered  with  the  missions  listed  in 
Section  4.0  above.  The  review  process  must  be  formalized  so  that  information  is  captured  and 
presented  for  industry  review  in  a  well  organized  model.  A  procedural  approach  to  analyze  and 
describe  the  information  and  data  interfaces  will  be  followed  for  each  interface  level,  using  a 
common  information  language  called  EXPRESS.  EXPRESS  is  an  object  oriented,  "Pascal-like," 
language  used  to  capture  information  in  a  comnuMi  descriptive  format  (texnial,  graphical,  physical, 
process,  etc).  The  use  of  EXPRESS  is  extremely  important  because,  first,  it  provides  a  well- 
deHned  characterization  of  the  information  received  or  generated  at  each  interface  level.  This  is  a 
sufficient  prerequisite  to  allow  EDA  vendors  to  provide  design  automation  tools  and  to  allow 
definititm  of  the  foundry  interface.  Second,  it  is  important  to  both  government  and  industry  that 
die  information  description  allows  industry  to  act  early  with  the  interface  specifications  and  not 
wait  for  them  to  become  an  accepted  standard. 


6.0  Standards 

Tbe  Alliance  does  not  intend  to  create  a  new  standard,  but  to  leverage  from  existing  standards  and 
detennine  a  standard  method  and  approach  in  ^iplying  these  standards  to  standardized  on  how  data 
and  infonnadon  is  most  easily  exchanged  from  the  design  environment  to  the  foundry  for 
manufacture.  As  recommended  by  the  steering  committee,  in  the  near  term  this  standard  will  be 
comprised  of  multiple  industry-accepted  data  formats  for  physical  layout  with  augmented  files  such 
as  for  text  and  test  data.  In  the  long  term,  the  Alliance  will  work  with  other  standards  groups  such 
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Copyright  1993,  Hicroolscu.  cs  and  Computer  Technology  Corporation 

Al‘  ^  hts  reserved 


ISCHENA  asem; 


SNTITY  Property; 

namei  STRING; 
'value:  STRING; 
SND  ENTITY; 


ENTITY  Layer 

I  SUBTYPE  OF  (DbObject); 

I  lyr:  INTEGER; 

END  ENTITY; 


NTITY  Point 

SUBTYPE  OF 
x:  REAL; 


I  y:  REAL; 

END  ENTITY; 


(DbObject) ; 


ENTITY  BBX 

I  SUBTYPE  OF  (DbObject); 

11:  Point; 

•  ur:  Point; 

END  ENTITY; 


ENTITY  Line 

I  SUBTYPE  OF  (DbObject); 

lyr:  Layer; 
nPath:  INTEGER; 

,  path:  LIST  OF  Point; 

END  ENTITY; 


ENTITY  Path 

SUBTYPE  OF  (DbObject); 
beginExt:  REAL; 
en^xt:  REAL; 

I  lyr:  Layer; 

netNum:  INTEGER; 
nPath:  INTEGER; 

I  path:  LIST  OF  Point; 

'  pathShape:  STRING; 

width:  REAL; 
lEND  ENTITY; 


■ENTITY  Rectangle 

SUBTYPE  OF  (DbObject); 
bBox:  BBx; 
lyr:  Layer; 

■end  ENTITY; 


justify:  STRING; 
IsbalTypet  STRING; 
lyrt  Layer; 
orient:  STRING, 
angle:  REAL; 
theLabel:  STRING; 
xy:  Point; 

ND  ENTITY; 


ENTITY  cosqpIdentText 

I  SUBTYPE  OF  (Label); 

NO  ENTITY; 


NTITY  Cell 

SUPERTYPE  OF  (ONEOF  (  via,  Pads  tack.  Package, 

chipReference,  Fiducial,  chipBondPads ,  bondPad 
connectorPad,  connector) ) 

SUBTYPE  OF  (DbObject); 
blockName:  STRING; 


cellType:  STRING; 
objList:  LIST  OF  DbObject 
ND  ENTITY; 
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I  NTITY  diePhysicalDimensions 

SUBTYPE  OF  (DbObject); 
chipUnits:  REAL; 
x:  REAL; 

IxTolerance:  REAL; 
y:  REAL; 

yTolerance:  REAL; 

IpadShape:  STRING; 

padCenterlinetoOieCenterline :  REAL; 
padCenter linetoDieCenter lineTolerance :  REAL ; 
I  dieThickness :  REAL; 

I  dieThicknessTolerance:  REAL; 

'  mininuinOieFeatureSixe:  REAL; 

ininiiniunDieFeatureSizeTolerance:  REAL; 

I  a«D__ENTITy; 

ENTITY  bondPadMap 
I  SUBTYPE  OF  (DbObject); 

I  pinOut:  LIST  OF  PadstackOccurrence ; 

pinsSkipped:  LIST  OF  PadstackOccurrence; 
xOpeningSize:  REAL; 
yOpeningSize:  REAL; 

END  ENTITY; 


ISNTITY  dieBackSide 

I  SUBTYPE  OF  (DbObject); 

aaterialType:  STRING; 
naterialThickness :  REAL; 
surfaceFinish:  STRING; 
electricalPotential :  STRING; 
sdninunBiasVoltage:  REAL; 
votageUnits:  REAL; 
minimunBiasCurrent :  REAL; 
current Uni ts :  REAL; 

I  5ND__ENTITY; 

ENTITY  dieOperatingTesqperature 
SUBTYPE  OF  (DbObject); 
mininunAl lowed:  REAL; 
naximunAllowed:  REAL; 


procss sLimits  t  physicalProcsssLinitations ; 
criticalConditions  t  diaCriticalConditions ; 
protactivaLayar  t  topProtactivaliayar ; 

I  padNatal t  diaPadNatal ; 

attachHatarial :  diaAttach ; 
handlingLinitationt t  LIST  OF  STRING; 
assamblyProtactadAraas t  LIST  OF  Polygon; 
lidSaalt  diaLidSaal; 

END  ENTITY; 


[ENTITY  viraBondadDia 

'  SUBTYPE  OF  (Chip); 
bondWiraSizat  REAL; 
sizaUnitst  REAL; 
downBonds:  INTEGER; 

END_ENTITY; 

ENTITY  TABFramaMap 

SUBTYPE  OF  (DbObjact); 

xOinension:  REAL; 

y Dimension:  REAL; 

lengthunits:  REAL; 

elactricalPotantial:  REAL; 

potent ialunits:  REAL; 

pinList:  LIST  OF  Pad8tac)c0ccurrence; 

END_ENTITY; 

ENTITY  TABbedDie 

SUBTYPE  OP  (Chip); 

outline:  STRING; 

frameMap:  TABFrameJMap; 

partMap :  Occurrence ; 

leadf rameCoatingMaterial :  Material ; 

leadFrameCoatingRemoval :  LIST  OF  STRING; 

END_ENTITY; 

ENTITY  dieBumps 

SUBTYPE  OF  (DbObject); 
location:  LIST  OF  Point; 
centerToCenter :  REAL; 
tolerance:  REAL; 
lengthunits:  REAL; 
xbump:  REAL; 
yBump:  REAL; 

closastToEdgaDistanca:  REAL; 
func:  LIST  OF  STRING; 
siinimumBumpToActivaDistanca:  REAL; 

END_ENTITY; 


ENTITY  FlipChipDia 

SUBTYPE  OF  (Chip); 
bumps:  dieBumps; 
protectivaCoating :  Material ; 
protactivaCoatingRamoval :  LIST  OF  STRING; 

END^ENTITY; 

ENTITY  Occurrence 

SUPERTYPE  OF  (ONEOF  (  viaOccurrance ,  PadstacJcOccurranca , 

viaHolaOccurrance ,  viaPadOccurrence , 
Pac)cageOccurrence ,  chipRef arencaOccurrence 
FiducialOccurrence ,  chipBondPadsOccurrence 


bondI>ad 

Isobtyfe  or  tc.] i . . 

|BNTln  bondPadOccurr. 

*  SOBTYPE  OP*^fJ"'* 

leBD.EHTiJJT’ 

BNTITY,  chlpBondPada 

fSOBTYPE  ol  (Call , . 

®«TITy  connector 

1“"'”  'l»Sp«“"«=e 

|B»0_EOTi?r*‘ 

entity  connectorPad 

f  subtype  OF  (Cell). 

|a«TITY  '|gs«t|rp.d0=currenca 

i.BHD_ENTl??r‘ 

viaHole 

I 

gemin  viapad 

SUBTYPE  OP  /dkak* 

■*»'d_eiiti?^‘  string, 

|B11T1ty  ’'|”^J^eurrence 

«.ter,  STRiSl'"""”!.- 

■  *y*  Point; 

*  STRiMr. 
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EDA 

DICE  MARKET  STUDY 
TELEMARKETING  PROGRAM 


NAME:  MRTMS. 

TITLE: _ 

COMPANY: _ 

ADDRESS:  _ 


CITY: _  ST:  _  ZIP: _ 

TELEPHONE: _ 

Good  moming/aftemoon  this  is _ from  Marketing  Support  Services.  I  am  calling  In 

support  of  a  study  sponsored  by  the  ARPA,  Advanced  Research  Projects  Agency.  This 
study  is  coiiecting  information  on  concurrent  engineering  software  for  multichip  module 
design.  Your  input  is  very  important  to  us  as  the  information  gathered  will  be  included  in 
the  study.  This  study  wilt  be  distributed  to  ARPA  and  made  available  to  a  wide  range  of 
government  agencies.  This  sun^ey  can  be  done  anonymously. 

May  I  please  have  a  few  minutes  of  your  time  to  ask  these  survey  questions? 

YES  NO  •  May  I  call  you  back  at  a  more  convenient  time? 


Thank  you. 

1.  Are  you  currently  utilizing,  or  planning  to  use  in  the  future.  Multichip  Module 
Technology? 

1 .  CURRENTLY  USING  -(Go  to  ques  3)  2.  THE  FUTURE-(Go  to  ques  4) 

3.  NOT  USING  -(Go  to  ques  2) 

2.  Is  there  someone  else  in  your  organization  that  may  be  using,  or  considering 
using  MCM  technology? 

YES  -(Get  name  and  telephone  number,  ask  to  be  transferred) 

NO  -(Terminate  call) 
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In  which  phases  of  MCM  design  or  manufacturing  are  you  involved? 


COMMENTS 

A.  DESIGN  _ ^si  _  _ 

B.  SUBSTRATE  FABRICATION  _ _ 

C.  ASSEMBLY  _ _ 

D.  TEST  _ _ 

E.  DESIGN  SOFTWARE  _ _ 

F.  ENGINEERING  SUPPORT  _ _ 

G.  CONSULTING  SERVICES  _ _ 

****««*M«M«M**«**«  QQ  jQ  question  7  ********************* 

4.  In  which  phases  of  MCM  design  or  manufacturing  are  you  expecting  to  be 
involved? 

COMMENTS 

A.  DESIGN  _ «  _ 

B.  SUBSTRATE  FABRICATION  _ _ 

C.  ASSEMBLY  _ _ 

D.  TEST  _ ^81  _ _ 

E.  DESIGN  SOFTWARE  _ ^sa  _ 

F.  ENGINEERING  SUPPORT  _ _ 

G.  CONSULTING  SERVICES  _ _ 


»iiWti»«>i»ert*>oin>^JM«^n>>Fa£8/BHUCEWIc« 
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5.  On  a  scale  of  0  to  10  with  0  indicating  not  important  or  not  satisfied,  and  10 
indicating  very  important  or  very  satisfied,  how  would  you  expect  to  rate  the 
importance  and  satisfaction  of  the  following  activities  in  which  you  are  considering 
utilizing  MCM  technology:  (Ask  for  ratings  only  on  the  ones  indicated  *‘IN 
USE”  in  ques  4) 

IMP  SAT  COMMENTS 


A.  DESIGN  _  _ 1  _ 

B.  SUBSTRATE  FABRICATION  _  _ _ 

C.  ASSEMBLY  _  _ a  _ 

D. TEST  _  _ ^4  _ 

E.  DESIGN  SOFTWARE  _  _ 5  _ 

F.  ENGINEERING  SUPPORT  _ _ _ 

G.  CONSULTING  SERVICES  _  _ ^7  _ 

6.  Which  of  the  foll^'vmg  MCM  technologies  are  you  planning  to  use  in  the  future? 

A.  MCM-L  LAMINATE 

B.  MCM-C  CERAMIC 
THICK  FILM 

C.  MCM-C  CERAMIC  LOW 
TEMPERATURE  COFIRED 

D.  MCM-D  THIN  FILM 
ON  SlUCON  OR  CERAMIC 

E.  MCM-HDI CHIPS-FIRST 

F.  OTHER: 

^*^^*^»*^***^***********  QO  JO  QUESTION  9 


COMMENTS 


T®. 


inilfWi^tHWOhetnt/miflbwiifflLEai/BRUCE/dic* 
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7. 


On  a  scale  of  0  to  10  with  0  indicating  not  important  or  not  satisfied,  and  10 
indicating  very  important  or  very  satisfied  how  would  you  rate  the  importance  and 
satisfaction  of  the  following  categories  in  which  you  are  utilizing  MCM  technology: 

(Ask  for  ratings  only  on  the  ones  indicated  “IN  USE”  in  ques  3) 

IMP  SAT  COMMENTS 

A.  DESIGN  _  _ ^1  _ 

B.  SUBSTRATE  FABRICATION  _  _ _ 


C.  ASSEMBLY  ^io 

D.  TEST  ^11 

E.  DESIGN  SOFTWARE  « 

F.  ENGINEERING  SUPPORT  _  « 

G.  CONSULTING  SERVICES  _  i4 


8.  Which  of  the  following  MCM  technologies  are  you  currently  using,  or  are  planning 
to  use  in  the  future? 

IN  USE  FUTURE  COMMENTS 


A.  MCM-L  LAMINATE  _ 

15 

B.  MCM-C  CERAMIC  _ 

16 

THICK  FILM 

C.  MCM-C  CERAMIC  LOW  _ 

17 

TEMPERATURE  COFIRED 

D.  MCM-D  THIN  FILM  _ 

It 

ON  SILICON  OR  CERAMIC 

E.  MCM-HDI CHIPS-RRST  __ 

It 

MaVtaiMxpeiVtiomMjMnAMii^lLES/BnjC&diM 
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9.  What  design  tools  do  you  currently  use.  or  plan  to  use,  in  your  design 


environment? 

A.  FOR  CAE 

71  _ 

B.  FOR  CAD 

W  _ 

C.  FOR  CAM 

74  _ 

D.  FOR  YOUR  OVERALL 
ENVIRONMENT  &  FRAMEWORK 

78  _ 

10. 


Please  rate  the  following  issues  relative  to  the  design  and  manufacturing  of 
MCM's. 

IMP  SAT  COMMENTS 


A.  DESIGN  AUTOMATION 
SOFTWARE 

B.  THE  INTEGRATION  OF  YOUR 
DESIGN  TOOLS 

FOR  MCM  DESIGN 

C. STANDARDS  FOR  DATA 
TRANSFER  BETWEEN 
DESIGN  AND  MANUFACTURER 

D. ACCESS  TO  CHIP  & 
COMPONENT  DATA 

E. KNOWLEDGE  OF  DESIGN 
METHODOLOGIES  TO 
IMPLEMENT  MCM'S 

F. AUTOMATED  TESTING  & 
QUALITY  METHODS 


MtlfMMlB»mM>oiniAmw>Hi>riLE8<DnuCC/aif 
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11 .  Using  the  same  0  to  1 0  scale,  please  rate  the  following  capabilities? 

IMP  SAT  COMMENTS 

A.  AN  ENVIRONMENT  WHICH  _  _ _ 

ALLOWS  THE  OPEN, 

BI-DIRECTIONAL 
TRANSLATION  OF  DATA 
FROM  ONE  DESIGN  SYSTEM 
TO  ANOTHER 

B. THE  CAPABILITY  TO  DESIGN  _  _ _ 

AN  MCM  ON  TWO  DIFFERENT 

DESIGN  SYSTEMS 
SIMULTANEOUSLY,  FOR 
EXAMPLE  AUTOROUTING, 

THERMAL  ANALYSIS, 

&  MANUFACTURING 
DOCUMENTATION 

C. THE  CAPABILITY  TO  MOVE  _  _ _ 

DESIGNS  AND  DATA 

AMONG  SIMILAR  APPLICATIONS 
FROM  DIFFERENT  EDA  VENDORS 

D. THE  CAPABILITY  OF  _  _ »  _ 

STORING  THE  MCM  DATA 

IN  NEUTRAL  FILE  FORMAT 
RATHER  THAN  AN  EDA 
VENDORS  NATIVE  FORMAT 

E. THAT  EACH  SOFTWARE  _  _ w  _ 

APPUCATION  IS  BEST  IN  ITS 

CLASS 

F. THATALLORMOSTOFTHE  _  _ ^31  _ 

SOFTWARE  USED  IN  YOUR 

ENVIRONMENT  BE  PURCHASED 
FROM  A  SINGLE  VENDOR 


M 


j^ort^wmsAMraAsiii^lLESMUCE^dies 
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12.  Please  rate  the  following  relative  to  applications,  features  or  capabilities  of  an 
MCM  design  environment? 

IMP  SAT  COMMENTS 

A. SYSTEM  SPECIFICATIONS  _  _ _ 

B. SYSTEM  PARTITIONING  _  _ ^33  _ 

C. AUTOROUTING  _  _ _ 

□.PACKAGING  TECHNOLOGY  _  _ ^ib  _ 

SELECTION 


E.SUPPORT  OF  MCM 
FOUNDRIES  WITH 
DESIGN  KITS 


F.OPTIMIZATION  OF 
MANUFACTURING  DATA 


1 3.  Does  your  company  use  CONCURRENT  ENGINEERING? 

1.  YES  •  (Go  to  ques  16)  2.  NO  -(Go  to  ques  17) 

3.  NOT  SURE  -(Go  to  ques  14) 

1 4.  Our  definition  of  "CONCURRENT  ENGINEERING"  is: 

“Concurrent  Engineering  consists  of  a  design  methodology  and  the  use  of 
design  automation  systems  that  promote  and  support  a  multi-disciplined 
engineering  team  where  team  members  work  in  parallel  to  complete  an 
optimal  product  design  in  the  minimum  amount  of  time.” 

15.  How  closely  does  your  current  electronic  design  automation  software  and 
systems  match  the  concurrent  design  environment  that  was  just  discussed? 

1 .  VERY  CLOSELY  2.  CLOSELY  3.  SOMEWHAT 

4.  NOT  AT  ALL  5.  OTHER:  _ 


/nMteM/taporMwnw^uMriAM/FILESSRU^ 
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16.  In  your  opinion,  how  important  is  investing  in  design  automation  systems  to  meet 
your  concurrent  engineering  requirements?  (Prompt) 

1 .  EXTREMELY  IMPORTANT  2.  VERY  IMPORTANT 

3.  IMPORTANT  4.  NOT  IMPORTANT 

17.  In  selecting  an  MCM  manufacturer,  please  rate  the  following  factors  on  the  0  to  10 
scale. 


IMP  SAT  COMMENTS 


A.  THE  AVAILABILITY  OF 

DESIGN  KITS  FROM  THE  _ 

MANUFACTURER  OR  EDA  VENDOR. 

B. THE  MCM  MANUFACTURES  _ 
REPUTATION,  EXPERIENCE, 

TRACK  RECORD. 

C. THE  TECHNOLOGY  OFFERED  _ 
BY  THE  MANUFACTURER 

D. RECURRING  COST  OF  _ 

PRODUCTION 

E. ENGINEERING  SUPPORT  _ 
AND  CONSULTING 


18.  Using  the  same  scale  please  rate  the  following  data  exchange  standards: 

IMP  SAT  COMMENTS 


A. CAD  FRAMEWORK  INITIATIVE 
(CFI) 

B. STEP/PDES 

C. IGES 

D. EDIF 

E. IPC-350 

F. GERBER 

G. GDSII  STREAM 

H. DXF 


MaVlM/Mport/homa/uMrt^Miw/FILES/BRUCE/dic* 
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19.  The  last  question  is  an  overall  satisfaction  rating  with  the  effectiveness  of  your 
current  engineering  design  environment.  What  is  your  rating  on  the  0  to  10  scale 
and  why? 


J9 


Thank  you  very  much  Mr./Ms. _ for  your  time.  Do  you  fiave  any  final  comments 

you  would  like  to  make  regarding  MCM  technology? 


YES 


NO 


F2.  Marketing  Survey  List 


ARPA  Market  Study  —  Appendix 


Marketing  Survey  List 


1. 

MOSIS  Organizer  Engineering  Manager 
use  -  ISI  -  MOSIS 

Marina  Del  Ray,  CA 

2. 

Consultant 

IBM 

South  Bend,  IN 

3. 

Anonymous  #1 

4. 

Anonymous  #2 

5.  Anonymous  #3 


6.  Manager  Micro  Electronics  &  Communication  Technical  Program 
Martin  Marietta 
Syracuse,  NY 


7.  Sr.  Member  Technical  Staff 
Texas  Instruments 
Dallas,  TX 


8.  Advanced  Manufacturing  Speciliast 
Acustar 
Huntsville,  AL 


9.  Qualcomm 


10.  Digital  Equipment  Corporation 
Merrimack,  NH 


ftiM»ift»»/FlL£S/BRUCE^EDA/iyr»«y.UM 
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Marketing  Survey  List 


1 1 .  Senior  Software  Engineer 
Raytheon  CAE  Operations 
Tewksbury,  MA 


12.  CAD  Support 
Mayo  Clinic 
Rochester,  MN 


13.  VP  Products/Services 
H  Chip  Inc 
San  Jose,  CA 


14.  Manager/Advanced  Pkg.  Technologies 
ERIM 

Ann  Arbor,  Mi 


15.  Drafting  Supervisor 
Micro  Networks 
Worchester,  MA 


16.  Harris  Government  Aerospace  Systems  Division 


17.  Harris  Cemiconductor 

I  _ 

_  18.  Eastman  Kodak 


19.  Motorola 


20.  Hayes  Microcomputer  Products 


/tMi/leu/UporVboiMAM>WI»w/FlLES/BRUCE/EDA/rarveyJiH 
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Marketing  Survey  List 


21.  Hughes 


22.  Raytheon 

I  - 

23.  Charles  Drq)er  Labs 

I  _ 

_  24.  Interchip  systems  Inc. 


25.  SMI  Electronics 


26.  Motorola 


27.  Litton  Amecon 


28.  Raytheon 
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F3.  Basic  Statistics 


ARPA  Market  Study — Appendix 


Basic  Statistics 

The  pages  aa-bb  contain  the  numerical  analysis  performed  by  the  Telemarketing 
group. 


A  summary  of  the  statistics  is  contained  on  the  following  pages. 
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